RY LAND characterizes by low fertility and poor structure. For ……. sustainable agriculture, it needs some technologies application such as suitable variety and plant density for crop management to enhance crop performance. For studying yield behavior under such conditions, two field trials were conducted using five sweet sorghum varieties (Brandes; V 1 , Honey; V 2 , GkÁron;V 3 , Róna 1;V 4 and GK Csaba;V 5 ) and three plant densities (111000; D 1 , 133000; D 2 and 166000; D 3 plants ha -1 ). Results indicated that all varieties differed significantly in all tested parameters; growth, juice quality and yield and its components. Of all investigated varieties, the most productive was V 1 , while V 5 was the least. Ethanol yield was recorded highest values with V 1 over two seasons. On the other side, V 5 flowered 25 days earlier than V 1 . Time of 50% flowering and yields were increased with increasing plant density. The integrated V 1 ×D 3 was found to be the best treatment generating highest ethanol (biofuel), yields and seed index in 2013 and 2014 season. Therefore, this integrated treatment is recommended for dry environments.
Sorghum is one of the resilient crops. It grows well under environmental stresses such as drought. In more arid areas, it could replace maize as a biofuel feedstock. It has the ability to grow in the areas that non-efficiently productive with maize or soybean. Probably because of its African origins and its extensive root system, sorghum tolerates drought better than other C 4 crops, as well as it also tolerates low levels of soil salinity better than corn and sugarcane (Almodares & Hadi, 2009) .
In arid and semi-arid environments including Egypt, limited rainfall and low soil fertility have reduced crop productivity, particularly sugar cane crop that produces about 63% of sugar production worldwide with high water (20000-24000 m 3 irrigation water/ha) and soil fertility requirements (Singh et al., 2008) . Sweet sorghum (Sorghum bicolor L., Moench) is well adapted to the semiarid tropics, having more water use efficiency (310 kg water kg -1 dry matter) compared to maize (370 kg water kg -1 dry matter). Using low water quantity, it converts atmospheric CO 2 into sugars to be the most promising bio-energy crop (Reddy et al., 2007) . Sweet sorghum with its high sugar content, wide adaptability and low water requirements is being considered as a potential alternative source of biomass energy (Keeney & Deluca, 1992) . It is required for reclaimed dry areas due to its ability to grow and produce well in such areas. In addition, ethanol produced from sweet sorghum has superior burning quality, with high octane rating and less sulphur emission (Ture et al., 1997) .
Proper soil, water management, and selection of suitable varieties severely affect crop productivity and soil sustainability (Benlhabib et al., 2014 and Mekdad & Rady, 2016) . Productivity and its quality of sweet sorghum are affected greatly by many factors such as variety selection that is one of the most important decisions to produce the sweet sorghum syrup. Varieties of sweet sorghum are varied greatly in stalk height, diameter, syrup production and yield and its quality (Mohamed et al., 2006) . Furthermore, Aly et al. (2008) reported that sweet sorghum varieties show significant differences in leaf area, plant height and diameter, and the contents of total soluble solids and sucrose. They are differed also in the percentages of purity, juice and syrup extraction, and the yields of stripped stalks, juice and syrup.
A variety with a high stalk yield, lodging resistance, high percentage of extractable juice and high brix content, coupled with resistance to diseases and drought is preferred for biofuel and biomass production (Morris, 2006 and Wang et al., 2016) . It has been found that sweet sorghum varieties were differed widely in their potential production of ethanol (Davila-Gomez et al., 2011) . The full potential of crop can be exploited by applying optimum agronomic practices, among them plant density that possess an effect on sweet sorghum productivities. It has been observed that increasing plant density increased juice extraction percentage and stalks yield. Plant density of about 166,000 plants ha -1 generated the highest values of plant height and stalk yield, however stalk diameter, leaf area, total soluble solids percentage, sucrose percentage, purity percentage and sugar yield resulted from the plant density of about 83,000 plants ha -1 (Abo El-Wafa & Abo El-Hamd, 2001 and Bekheet et al., 2006) .
The main objective of this work was to analyze a typical management of sweet sorghum cultivation in relation to varieties and plant densities under dry region conditions including Egypt. The sustainable cropping technique of some plant densities was assessed to detect and identify the suitable variety that possess the best biofuel, sugar and grain yields and their qualities using five varieties of sweet sorghum over two seasons.
Materials and Methods
Two field experiments were conducted at the Experimental Farm of the Faculty of Agriculture (Southeast Fayoum; 30°54′55″E 29°17′06″N), Egypt. The soil used for this study was sandy loam. It possesses 0.78% organic matter, 5.33 dSm -1 electrical conductivity and pH of 7.87 as an average of the soil analyses for 2013 and 2014 summer seasons according to Black et al. (1965) and Jackson (1973) . Electrical conductivity (EC e ) was measured using a soil paste extract. The average of EC e value (5.33 dSm -1 ) classed the tested soils as being moderately saline according to Dahnke & Whitney (1988) . Daily temperatures ranged from 23.4 -42.8 °C with an average of 33.1 ± 4.2 °C, and daily relative humidity ranged from 52.3 -74.9% with an average of 63.6 ± 3.6%. Rainfall ranged from 2 -10 mm year -1
. These climatic data classed the region of this study as dry environment (FAO, 1976) .
Three plant densities [111000 (D 1 ), 133000 (D 2 ) and 166000 (D 3 ) plants ha
-1 ] were used in this study for five sweet sorghum varieties [i.e., Brandes (V 1 ), Honey (V 2 ), GkÁron (V 3 ), Róna 1 (V 4 ) and GK Csaba (V 5 )]. These plant densities were resulted from 30, 25 and 20 cm plant spacing with two plants hill -1 , respectively. Seeds of all varieties were purchased from the Field Crops Research Institute, Agricultural Research Center, Giza, Egypt. They were selected for uniformity by choosing those equal in size and like in color. The selected seeds were washed with distilled water, sterilized with a 1% sodium hypochlorite solution for two minutes and thoroughly washed again with distilled water, and left to air-dry. The seeds were sown on 25 th of May, 2013 and 2014 summer seasons and were harvested at dough to ripe stage in both seasons. Seedlings were thinned, to leave two plants hill -1 , after 21 days from sowing. A split plot in randomized complete block design with three replications was used. Sweet sorghum varieties were arranged in the main plots, while plant densities were randomly distributed in the sub-plots. Each sub-plot area was 10.5 m 2 (3 m width × 3.5 m length) and was consisted of five ridges with 60 cm wide. Fertilizers were applied as recommended by the Egyptian Ministry of Agriculture and Land Reclamation for sweet sorghum production in such region. Nitrogen fertilizer was added at a rate of 200 kg N ha -1 in the form of ammonium nitrate (33.5% N) in two equal doses. The first dose was added at 30 days after sowing, and the second one was added 15 days later. During seed-bed preparation, phosphorus fertilizer was applied at a rate 40 kg P 2 O 5 ha -1 in the form of calcium superphosphate (15.5% P 2 O 5 ). In addition, 120 kg K 2 O ha -1 was added in the form of potassium sulfate (48% K 2 O) as for the N addition durations. Plots were irrigated based on the available water at 15-d intervals. The all other recommended agricultural practices were carried out as recommended for sweet sorghum production.
Measurements of duration (days) to 50% flowering (anthesis) were recorded as the time from date of sowing to the time that 50% of the plants were extruded anthers in the mid-sections of the panicle (Vanderlip & Reeves, 1972) .
At harvest time, a random sample of twenty plants from each sub-plot was taken to assess growth traits. Leaf area, stem length, diameter and weight, leaf weight, panicle length diameter and weight, and seed index were recorded.
Juice quality traits were assessed using stalks that were taken from each subplot, stripped, cleaned and squeezed by electric roller pilot mill. Brix (%) was estimated by using digital refractometer, sucrose (%) was determined by using direct polarization method as described in the methods of AOAC (1995), purity (%) was calculated [(sucrose% ÷ TSS%)× 100], and juice extraction (%) was determined as follows:
Juice extraction (%) = ( Juice weight ÷ Stalk weight)× 100.
Yield and its components were estimated as follows: Net stripped stalk, leaves, grain, sugar and juice yield, ethanol yield (m 3 ha -1 ) were calculated according to the method described by Lipinski (1978) :
Ethanol yield =Sugar content (brix%) × 6.5 (converting index) × 0.85 (producing index) × fresh biomass (t ha -1 ).
Statistical analysis
All obtained data were statistically analyzed by the technique of ANOVA for the split plot design using MSTAT-C (Michigan, USA), and LSD at 5% and 1% levels of probability was used to test the differences between treatment means. Tables 1 and 2 revealed that the five sweet sorghum varieties significantly differed (P ≤ 0.05) in all growth, juice quality and yield and its components. According to LSD, the Brandes variety exceeded the all other varieties for all studied traits, however, GK Csaba hybrid origin recorded the lowest values, except the parameter of days to 50% flowering, indicating that it was the fastest one in growth. It was noticed that planting the Brandes variety had a significant increases in leaf area, stem length and diameter, stem weight, leaf weight, panicle length and diameter, panicle weight, seed index, brix%, sucrose %, purity%, juice extraction% from fresh stems, and yields in terms of stalk, leaves, grain, juice and sugar, as well as ethanol yield. These increases estimated by 55.1 and 28.1%, 84.6 and 83.8%,111.1 and 111.6%; 85.4 and 85. 4%,71.4 and 71.4%,34.0 and 40.8%,69.5 and 79.8%,96.3 and 98.8%,15.3 and 18.3%,7.9 and 8.8%,20.6 and 19.2%,11.8 and9.6%,6.1 and 7.1%,55.5 and 68.3%,54.8 and 54.5%,170.6 and 176.9%,65.1and 80.1%, 78.6 and 96 .7%, and 87.5 and 100.6% in the two growing seasons (2013 and 2014) , respectively over to the hybrid GK Csaba variety of sweet sorghum.
Results

Results presented in
Over both growing seasons, results in Tables 1 and 2 showed that, except ethanol yield, plant densities had a significant effects on time to 50% flowering (days), stem length, diameter and weight, panicle length, diameter and weight, leaves weight, seed index contents of brix and sucrose, purity percentage, juice extraction and yields in terms of stalk, leaves, grain, sugar and juice.
Plant densities exhibited significant positive effects on time of 50% flowering (days). Across varieties, the average days number to 50% flowering was higher (83.2 and 82.9) for the highest plant density (166000 plants ha -1 ;D 3 ) compared to 80.1 and 79.6 days for the lowest plant density (111000 plants ha Means of data obtained in Tables 1 and 2 showed that leaf area, stem diameter, stem weight, leaf weight, panicle length, diameter and weight, seed index, brix and sucrose contents, purity percentage and juice extraction from fresh stems were significantly decreased with increasing plant density from 111,000 to 166,000 plants ha -1 . The highest plant density (166,000 plants ha -1 ) recorded reductions of 4.5 and 5.1%, 14.6 and 17.1%, 10.8 and 12.3%, 10.0 and 10.0%, 12.2 and 13.2%, 18.6 and 15.4%, 14.1 and 13.5%, 5.7 and 5.3%, 2.4 and 2.1%, 8.9 and 8.0%, 6.7 and 6.0%, and 1.6 and 1.6% over the lowest plant density (111,000 plants ha -1 ) in both growing seasons, respectively.
It was noticed that the highest plant density of 166,000 plants ha -1 had a significant increases in stem length (cm), yields (t ha -1 ) in terms of stalks, leaves, grains, sugar and juice. These increases estimated by 8.7 and 7.2%, 9.2 and 9.2%, 9.5 and 8.6%, 16.3 and 22.4%, 4.5 and 5.2%, and 7.4 and 7.5% in 2013 and 2014 seasons, respectively over the lowest plant density of 111,000 plants ha -1 .
The interactions between varieties and plant densities were presented in Table 3 showed a significant effect for stem diameter, leaf weight and grain yield over both growing seasons. In addition, the values of panicle length, seed index, and stalks and juice yields were significant in the first season, while values of panicle weight and juice extraction from fresh stems were significant in the second season. The highest stem diameter (2.5 and 2.6 cm), leaf weight (0.26 and 0.26 kg plant -1 ) in the first and second season, respectively, panicle length (44.00 cm) in the first season, panicle weight (0.22 kg plant -1 ) and juice extraction (40.9%) in the second season were obtained by Brandes variety in combination with 111,000 plantha -1 (V 1 × D 1 ). However, the highest grain yield (3.64 and 3.88 t ha -1 ) in the first and second season, seed index (29.6 g), stalk yield (65.0 t ha -1 ) and juice yield (25.9 t ha -1 ) in the first season were obtained by Brandes variety in combination with 166,000 plant ha -1 (V 1 × D 3 ).
As shown in Table 4 ) showed the highest positive correlation with stalk yield and sucrose%, indicating their economic importance. The results are shown in Table 5 clarify that there are three traits (i.e. sugar yield, purity percentage and juice extraction) in both 2013 and 2014 seasons were significantly (P ≤ 0.001) contributed to variation in theoretical ethanol yield. 
Discussion
Respond and adapt of varieties to dry environment and survive under low water availability are attained with various crops by the induction of various morphological, biochemical and physiological responses (Farooq et al., 2009) . In the present study, the results indicated that Brandes variety was most tolerant to the adverse conditions of the study region, and was able to grow, flowering and gave economic yields with high qualities under suboptimal water supply compared to the all other tested varieties. On the other hand, the adverse conditions of the studied region may affect the plant water relations and cause specific and unspecific reactions, damage and adaptation reactions (Beck et al., 2007) .
Time of days taken to 50% flowering ranged from 68 days for GK Csaba variety to 93 days for Brandes variety (Table 1 ). This indicated that GK Csaba variety (hybrid initiated from Sorghum bicolor × S. sudanense) was flowered 25 days earlier than Brandes variety. Therefore, the GK Csaba sweet sorghum variety can be used as forage crop, because it has a short growing period and can be harvested many times a year. Variation in phenology of sorghum varieties was also reported by Mahama (2012) . In contrast, growth and quality values of Brandes variety were highest compared to the all other sweet sorghum varieties probably due to the genetic diversity. Sandeep et al. (2011) revealed that variety had significant influence on panicle length, 100-grain weight, grains per panicle and grain yield. Our results indicated that stem taller, thicker and heavier of sweet sorghum varieties could have higher stalks, grains, juice and sugar yields and, consequently, higher ethanol yield. Ethanol yield was ranged between 1.7 -3.4 m 3 ha -1 for hybrid GK Csaba and Brandes varieties in the first and second season, respectively, showing that Brandes variety was the highest productive and GK Csaba variety was the lowest productive among the all tested varieties. Meantime, the variations among sweet sorghum abilities in ethanol productions detected herein were affirmed previously by Abd El-Razek & Besheit (2009).
To cope with low water availability, the most tolerant variety (Brandes) may initiate defense mechanisms, which need to be investigated in further details in such regions. Well performance of sweet sorghum, particularly Brandes variety under low water availability may be attained through plant escaping by shortening the life cycle or growing season, allowing plants to reproduce before the environment becomes dry. Flowering duration is an important trait in relation to low water adaptation, where a short life cycle can lead to low water escape (Araus et al., 2002) . Dingkuhn & Asch (1999) interactively determined the crop duration by genotype and the environment and also determined the ability of plants to escape from water shortage. Water stress escape occurs when phenological development is successfully matched with periods of soil moisture availability (Araus et al., 2002) . Time of flowering is a major trait of a crop adaptation to the environment, particularly when the growing season is restricted by terminal drought and high temperatures. Turner et al. (2001) and Kavar et al. (2007) concluded that avoidance to water shortage consists of mechanisms that reduce water loss from plants. Reduction in water loss comes from stomatal control of transpiration, and also maintain water uptake through an extensive and prolific root system. In addition, Subbarao et al. (1995) and Turner et al. (2001) revealed that root characteristics such as biomass, length, density and depth are the main drought avoidance traits that contribute to final yield under dry environments. Sweet sorghum is characterized by extensive root system that enables plant to tolerate the adverse conditions (water shortage and high temperatures) of dry environments (Almodares &Hadi, 2009). Kavar et al. (2007) showed that a deep and thick root system is helpful for extracting water from considerable depths. They added that where root system is the source to acquire water from soil, the root growth, proliferation, density and size are key responses of plants to low water availability. In addition, leaf pubescence and waxes/cuticles are xeromorphic traits that help to protect leaves from excessive heat load and reduced leaf temperatures and transpiration (Sandquist & Ehleringer, 2003) . Variety selection for a deep and extensive root system is one of the main strategies to increase crop productivity under moisture-deficit conditions as it can optimize the capacity to acquire water (Subbarao et al., 1995) . Other mechanisms that may be found in sweet sorghum, particularly Brandes variety to tolerate low water availability in the studied region are osmotic adjustment, osmoprotection, antioxidation and a scavenging defense system. Another mechanism that emerged herein is the plant density. Data in the present study show that, the highest plant density (166,000 plants ha -1 ) generated the highest yields and their qualities. This may be due to that the increase in plant density increased soil shading, and consequently reduced water evaporation with higher temperatures; however, the duration needed for the vegetative growth was delayed with increasing plant density. In this concern, Hamid & Nasab (2001) concluded that the dense planting might have slightly slowly down the rate of plant development because of the more competition in higher plant densities. Lengthening the time for vegetative growth stage with increasing plant population has been also reported by Silva et al. (1999) . Although highest yields and their qualities were obtained with the highest plant density, the highest values of growth traits were obtained with the lowest density (111,000 plants ha -1 ). This may be resulted from more space, more availability to light and mineral nutrients and low interplants competition. Concerning, the reduction in vegetative traits accompanied with higher densities may be due to lower photosynthetic rate as a result of greater shading effect under higher densities. These results are in harmony with those reported by Mokadem (1994) and Mahmoud et al. (2013) .It is noteworthy that the reduction in growth traits that accompanied with the highest plant density was compensated by producing highest yields of stalks, leaves, grains, sugar and juice. Similar results were obtained by Gutte et al. (2008) and Mahmoud et al. (2013) .
The physiological basis of genetic variation in response to low water availability is not clear; in part, because more complicated mechanisms that have been suggested such as tissue water conservation, antioxidant defense system (enzymatic and non-enzymatic components), cell membrane stability, plant growth regulators, and compatible solutes (Farooq et al., 2009 ). In addition, under reduced soil water content, changes in gene expression (upand down-regulation) are concluded to occur. Various genes are induced to function in tolerance to water shortage (Kavar et al., 2007) . With the studied region stress conditions, gene expression may be triggered directly. However, it is well established that tolerance to water shortage is a complex phenomenon involving the harmonized action of many genes (Agarwal et al., 2006 and Cattivelli et al., 2008) .
Effects of water shortage stress in dry environments can be managed by production of the most appropriate plant genotypes/varieties together with adjustment of agronomic practices such as plant density. In the present study, the integrated Brandes variety × plant density of 166,000 plants ha -1 found to be the best treatment, producing highest yields of biofuel, sugar and grains. Various important strategies to accomplish such objective of this study may entail generation of appropriate plant varieties and improvement of the existing high-yielding varieties taking in our minds the suitable plant densities. Efforts have been made to produce and select drought-tolerant varieties using the knowledge of responses of plants to drought stress and mechanisms involved. Away from this study, the most important strategies to such region under study may include selecting the desired varieties by conventional breeding using molecular and biotechnological means, including production of genetically modified or transgenic plants. In addition, inducing water stress tolerance in otherwise susceptible plants by priming and hormonal application may be used.
Conclusions
It is evidenced that under dry environment conditions (low water availability and high temperatures), it is important to select a suitable variety to grow with a suitable plant density. The tested varieties differed significantly as a result of their varied response to the dry environment conditions, due to their different genetic background. There were changes in the growth, productivity and quality of the varieties accompanied with changes in plant density. Under the present study conditions, it could be recommended that using Brandes variety with applying the highest rate of plant density (166,000 plant ha -1 ) is favorable integration that capable to accomplish acceptable profit from alcohol (biofuel),stalks, grains and juice yields of sweet sorghum.
